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By merging recent experimental and computational methodology advances, resolution-adapted structural
recombination Rosetta has emerged as a powerful strategy for solving the structure of traditionally chal-
lenging targets. In this issue of Structure, Sgourakis and colleagues solve the structure of one such target,
the immunoevasin protein m04, using this approach.By all measures, the field of structural
biology has been remarkably successful.
Methodological advances in X-ray crys-
tallography, NMR spectroscopy, and
electron microscopy have dramatically
expanded the breadth of critical biomole-
cular systems accessible to rapid high-
resolution structural characterization.
Testimony to these successes include
both the Protein Data Bank reaching the
100,000 deposited structures benchmark
and the explosion of papers using struc-
tural data to derive biological insights.
Even with these advances, however,
many targets remain recalcitrant to all at-
tempts to solve their high-resolution struc-
tures. Even after expression hurdles are
overcome, many proteins are only spar-
ingly or transiently soluble or only form
low-resolution crystals if they crystallize
at all. While progress is being made in en-
gineering proteins to enhance their solubi-
lity or crystallizability, there is as of yet no
guarantee of success. Furthermore, these
approaches can be quite labor intensive
and frequently entail screening dozens
to hundreds of constructs. Generating
a well-behaved sample is a significant
bottleneck in structure determination.
Concurrently, computational model-
ing and prediction approaches have
advanced, providing more reliable models
with greater accuracy (Kryshtafovych
et al., 2014). Particularly exciting are the
successes achieved with strategies, such
as Rosetta and I-TASSER, that sample
protein fragments derived from the struc-
tural database (Dantas et al., 2003 and
Royet al., 2010).Onestrengthof this family
of approaches is the relative accuracy of
the local structures achieved. These stra-
tegies, however, become conformation
sampling limited at even modest proteinsizes, restricting their use to smaller sys-
tems. Additionally, robust strategies for
cross-validation of the predicted struc-
tures are required.
A particularly exciting advance has
been the recent development of hybrid
techniques that combine the best features
of structure determination and model-
ing approaches while simultaneously ad-
dressing the caveats of each. Termed res-
olution-adapted structural recombination
(RASREC) Rosetta, some of the most
easily accessible experimental NMR data
are incorporated directly into a Rosetta-
type calculation, allowing the calculation
to hone in on the experimentally defined
conformational space (Raman et al.,
2010; Lange and Baker, 2012). The data
provided by NMR are ideally suited to
improve and augment the Rosetta calcula-
tion (illustrated for the difficult target Est3
in Figure 1). The secondary structure infor-
mation derived from backbone chemical
shift values is used to bias the selection of
fragments in the library for structure pre-
diction. Importantly, the use of a small set
of long-range nuclear Overhauser effect
(NOE) data serves to constrain the confor-
mational space sampled by the calcula-
tion, reining in the explosion of search
space needed as the size of the protein in-
creases. The structure can be further
refined using orientational data provided
by residual dipolar couplings (RDCs). As
resonance assignments and long-range
amide-amide NOEs are usually available
early in the traditionalNMRstructuredeter-
mination pipeline and RDCs are readily
obtained from aligned samples with
backbone assignments, this is a great
experimental match. This is particularly
true for samples that are not stable at
the high concentrations necessary for theStructure 22, September 2, 2014complete side chain assignments required
to assign the NOEs needed in a tradi-
tional structure determination, which are
also confounded by ambiguities due to
resonance overlap, particularly in larger
systems. Advantageously, methyl/methyl
NOEs, readily obtainable in even large sys-
tems using selectively labeled samples,
further constrain the calculation (Tugarinov
et al., 2006). The original implementation
of this approach described impressive
convergence with structures determined
using traditional approaches (Lange and
Baker, 2012). This algorithm has been
improved and has been shown to give
accurate structures for several proteins
ranging in size from 15 to 40 kDa (Lange
and Baker, 2012; Warner et al., 2011;
Lange et al., 2012).
In this issue of Structure, Sgourakis
et al. (2014) use this strategy to solve the
structure of the murine cytomegalovirus
(MCMV) immunoevasin protein known as
m04/gp34.TheMCMV immunoevasinpro-
teins are employed by the virus to sabo-
tage the host immune response by binding
major histocompatibility class I (MHC-1)
and interfering with antigen presentation.
Assuch, greaterunderstandingof this fam-
ily of proteins is a boon toward developing
future therapeutics. Although a size typi-
cally amenable to routine structure deter-
mination, m04/gp34 was recalcitrant to
crystallization and was not soluble long
enough to complete NMR data collection.
However, sufficient NMR data could be
acquired to solve the structure using
RASREC-Rosetta. The authors discovered
that this protein adopted a novel b-topol-
ogy reminiscent of an immunoglobulin (Ig)
fold, although detailed analysis suggested
suchdistinctivedeviations from the canon-
ical Ig fold that a convergent evolutionaryª2014 Elsevier Ltd All rights reserved 1223
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Figure 1. Impact of Sparse NMR Restraints on RASREC-Rosetta
Structural Ensembles
Exampleshown is from theRASREC-RosettastructureofEst3 (170aminoacids)
(Rao et al., 2014). Superpositions of the 20 lowest energy structures obtained
using increasing sparse NMR restraints are shown to illustrate the improvement
in both convergence and topology as additional types of data are included.
(A) Ensembles obtained by adding 252dihedral angle constraints fromchemical
shift (CS) data (B), 37HN-HNNOEdistanceconstraints (C), 112RDCsorientation
constraints (D), and 97 HN-CH3 and CH3-CH3 NOEs distance constraints.
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These important insights
derived from the structure will
undoubtedly open up new
avenues of research related
to the role of protein glyco-
sylation and mechanisms of
MHC-1 binding. This struc-
ture, defined by an ensemble
with a root-mean-square-
deviation of 1.25 A˚ for heavy
atoms, is achieved with only
1.5 long-range restraint per
ten residues.
In addition to achieving the
structure of an important and
difficult target, these first ap-
plications also provide bench-
marks for experimentally
cross validating RASREC-
Rosetta structures (Sgourakis
et al., 2014; Warner et al.,
2011; Rao et al., 2014). While
the approach has been vali-
dated in several cases by
independent structure deter-
mination (Raman et al., 2010;
Warner et al., 2011; Lange
et al., 2012b), widespread
adoption of the approach re-
quires system-specific valida-
tion to build confidence in
the resulting structures. Fortu-
nately, NMR techniques can
also provide this critical sup-
porting data. To ensure that
the final structure is not biased
by a specific restraint, both
Sgourakis et al. (2014) and
Rao et al. (2014) report struc-
tures calculated with only a
subset of all the sparse data
and show that the topology isnot impacted, although convergence is
reduced. Importantly, side chain packing
was not impacted, because much of that
comes from the database constraints.
Sgourakis et al. (2014) also use the Qfree
metric, typically employed in standard
structure determinations, to report on the
consistency of the structures with re-
straints not used in the calculation (Corni-
lescu et al., 1998). Relaxation and H/D
exchange data independently report on
the accuracy of the calculated topology
by pinpointing flexible loops and acces-
sible surfaces. Mapping these supporting
data on the structure further increases
confidence in the placement of these ele-1224 Structure 22, September 2, 2014 ª2014ments. While the community is still to
arrive at a consensus when it comes to
validation of structures derived via hybrid
methods, the standard methods em-
ployed for reporting and validating NMR
structures are arguably highly suitable for
this purpose. Although some may argue
that the use of extensive database infor-
mation to obtain high-resolution struc-
tures blurs the distinction between struc-
tures and predictions, experimental data
and parallel conventional structure deter-
mination provide testimony that the com-
bination is a powerful way to obtain accu-
rate structures and may prove invaluable
where either approach alone would fail.Elsevier Ltd All rights reservedWith these successes of
RASREC-Rosetta, it is clear
this approach is poised to
become a leading strategy in
structure determination. As
both the efficiency of the
approach and the quality of
structures obtained becomes
widely appreciated, RASREC-
Rosetta may become the
method of choice used even
when routine structure deter-
mination is feasible. It will be
exciting to see its extension
to a wider range of systems,
including membrane proteins
and complexes.
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